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Venation patterning in leaves is a major determinant of photosynthesis efficiency 
because of its dependency on vascular transport of photoassimilates, water, and minerals.  
Arabidopsis thaliana grown in microgravity show delayed growth and leaf maturation.  Gene 
expression data from the roots, hypocotyl, and leaves of A. thaliana grown during spaceflight 
vs. ground control analyzed by Affymetrix microarray are available through NASA’s GeneLab 
(GLDS-7). We analyzed the data for differential expression of genes in leaves resulting from the 
effects of spaceflight on vascular patterning.  Two genes were found by preliminary analysis to 
be upregulated during spaceflight that may be related to vascular formation. The genes are 
responsible for coding an ARGOS like protein (potentially affecting cell elongation in the leaves), 
and an F-box/kelch-repeat protein (possibly contributing to protoxylem specification).  Further 
analysis that will focus on raw data quality assessment and a moderated t-test may further 
confirm upregulation of the two genes and/or identify other gene candidates.  Plants defective 
in these genes will then be assessed for phenotype by the mapping and quantification of leaf 
vascular patterning by NASA’s VESsel GENeration (VESGEN) software to model specific vascular 
differences of plants grown in spaceflight.   
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• Vascular trees, networks, and tree-network composites from set of weighted 
parameters for vessel connectivity, tapering and bifurcational branching
• Requirements of fluid dynamics for laminar flow                                                 
Aqueous vascular transport by complex distributed system of fractal-based 
bifurcational branching 
• Microvascular rules for fractal-based branching within humans, vertebrates, insects 
and dicot leaves therefore display many similarities
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Vascular patterning offers useful readout of molecular signaling that 
necessarily integrates crosstalk among complex signaling pathways
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Space Grown Arabidopsis with Microarray Data from GeneLab: 
Identification of Genes Important in Vascular Patterning 
(A Weitzel, P Parsons, S Wyatt; ASGSR 2016)
• Analysis of transcriptomic data from space flight and ground control leaves identified 
differential expression of 22 genes, of which seven may be related to plant vasculature
• Two gene clusters suggest there may be phenotypic changes in leaf venation resulting 
from development in microgravity
KISS ME DEADLY [KMD] coding F-box genes
NAM, ATAF1/2, and CUC2 [NAC] related genes 
• Vascular-related changes in leaf gene expression can potentially be phenocopied by 
mutants in ground-based experiments and corroborated by VESGEN analysis
• Genetic, transcriptional and other molecular changes reported by GeneLab can be 
mapped to vascular phenotypes by VESGEN by bioinformatic co-localization of single 
molecular expression
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